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By Robert E. Dannenberg and James R, Blackaby

SUMMARY
Wind—tunnel tests of a Jet—engine nacelle on a semispen wing having
the leadling edge swept back 37.250 were made to determine the effects of
the nacelle on the aerodynamic characteristics of the wing. The wing had
en aspect ratio of 6.0k and the tip chord was half the root chord. The

nacelle was mounted in three positions: centrally and low on the wing at
the 31-percent—semispan station and centrally at the wing tip.

In comparison with the force characteristics of the wing alone, the
addition of the nacelle to the wing in each position resulted In favorable
interference on the maximum—lift and pitching-moment characteristlcs and
in a small Increase in drag.

The rem-pressure recovery in the inlets was at least 95 percent of
free—stream ram pressure for :Lnlet—velocity ratios less then wmlty and
positive angles of attack up to "{ .

For the wingmacells combinations, the critical Mach numbers pre—
dicted for locatlons corresponding to the crest of the airfoll did not
vary with inlet velocity and were, in general, higher then those predicted
for the crest of the airfoll alome. The crest was defined as the locatlon
at which the airfoll surface was tengent to the free—stream directiom.

INTRODUCTION

Tosts were reported In reference 1 of the effects on the low-—speed

aero gna.mic characteristics of a wing with the leadlng sdge swept back
37.25° produced by the addition of a nacelle In various positions on the
wing. That nacells was a solld ellipsoldal body with a fineness ratio

of 5.0 end it had no provision for Intermal air flow. The present report
is a continuation of the Investigation reported in reference 1 and pre—
gents a sumatlon of the effects accompanying the addition of a nacells
with internal alr flow to the same swept-back wing., The nacelles was
mounted at the 31l-percent-semispan station of the wing in a central and
in an underslung position and also at the wing tip In a central position,
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In accordance with the findings of reference 1, the leading edge of
the nacelle for each nacelle posltion was located at or near the leading
edge of the wing in an attempt to obtaln favorable velocity distributions.
in the wing-nhacelle Junctures. Two air inlets, one normal to the nacells
axls and one swept nearly parallel to the leading edge of the wing, were
tested on the nacells In the undsrslung Inboard position. The nacelle in
the central inboard position had a aswept alr inlet at the leading edge of
the wing, while in the tip position the nacelle had an alr inlet normal
to the longitudinal axis,

Force and pressuré—distribution measurements wers obtained for the
wing alone and for the wing with the nacelle in each of the three posi-

tions,

NOTATION

The following coefficients and symbols are used:
b/2 wing semlspan normal to root chord, feet

c local wing chord parallel to root chord, feet
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¢p drag coefficient (D/qoS)
GDF drag coefficient of nacelle (excluding internal drag) based on
nacelle frontal area (AD/q.F)
C, 1i1ft coefficient (L/q,S)
Cp pitching-moment coefficient (M/g,ST)
D drag, pounds -
AD external drag increment due to nacelle, pounds
d basic nacells inlet diameter, Inches
F necelle frontal area, sguare feet
H " total pressure, pounds per square foot )
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HH———:: iz ram-recovery ratlo

1ift, pounds
M piltehing moment about a lateral axis through the quarter point of

the mean serodynamic chord, foot—pounds
P pressure ccefficient < P'Lq;opo_>
ho) statlc pressure, pounds per square foot
q dynamic pressurs, pounds per square foot (%pvz)
S wing area (semispan), square feet
t maxlmm nacelle diameter, inches
v veloclty, feet per second
V,/V, iInlet~velocity ratio
X basic nacelle forebody lengt}:-t, Inches
kg perpendicular distance from root chord along semispan, feet
o angle of attack, degrees
o) mass density, slugs per cublec foot
Subscripts

) local
o] free stream
un wncorrected
- gstation of minimum inlet area
2 statlon of Inlet rake

MODEL AND APPARATUS

The model wing, of 5-foot semlspan, used for these btests had the
leading edge swept back 37.25°, the aspect ratio was 6,0k based on full
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gpan, and the ratio of tip chord to root chord was 0.5. Normsl to the
27.06-percent-chord line (measured streamwise), the wing had the NACA

611- ~212 section and there was no twlest, A sketch of the plen form of the
wing is shown in figure 1, Coordinates for the NACA 64,-212 airfoll sec—
tlon are given In reference 2. Coordinates for sections parallel to the
diresotion of the free &tream ars presented In table I,

The semlspan wing was mounted In one of the Ames T— by 10-foot wind
tunnels on a dummy tumnel floor which served as a reflection plane sim—
ulating a.plane of symmetry (fig. 2). The dummy floor, which separated
the boundary layer of the tunnel floor from the model, exbtended 8 feet
upstream and 9 feet downstream from the center of rotation of the modsl,
A falring was provided around the portion of the model between the turn—
tables of the tumnel floor and of the Adummy floor. There was & gap of
approximately 1/8 inch between the end of the model and the turntable of
the duwmy floor to permit the forces acting on only the model to be meas—
ured by the tunnel balance system., Thils gap was made small to keep alr
leakage Into the tunnel near the model to a minimmum,

The nacelle was mounted on the wing In both a central and an under-
sling position &t the 31—percent—semlispan station and in a central posi-—
tion at the wing tip. (See fig. 3.) In the central position, the nacells
axis was colncident with the wing chord plene. In the undersiung position,
the nacelle axls was 1,25 inches below the wing chord plane, Pertinent
detalls of the nacells are glven in tabls II,

DESIGN OF NACELLE

The nacelle design wag dictated by the slize and air requirements of
a Jet engine 39 Inches in dismeter., The model scale was selected as cne—
gixth full scale for the nacelle In the Inboard positione. This was
thought to be too large for a nacelle at the wing tip so, for the tip
position, the scale was reduced to one—seventh full scale. The basilc
nacelle shape was an axially symmetric body based on parameters Intro—
duced In the development of the NACA l-—series nose Inlets In reference 3.
These paremeters include the ratlos of Inlet diameter and forebody length

to maximum nacelle dlameter.

The maxlimum nacelle dlameter, govermed by the Jet—englne dlemeter
plus an allowance for structural members, was 7.20 Inches, model scals.
A fineness ratlo of 5, based on the actual basic nacelle-body length,
was chosen since that value was used in the preliminary sollid-body
investigation (reference 1). The resulting basic nacelles length was 36
inches, This was equal to about 1.6 times the wing chord at the inboard
nacelle station and was consldersed to be In keeping with current high—

speed design practice.
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The ratio of inlet dlameter to maximum nacelle diameter (d4/t) was
selected as 0,45 in order to satisfy the engine air requirements for an
inlet-velocity ratio of 0.55, corresponding to a true airspeed of 550 mlles
per hour at an altitude of 40,000 feet. The NACA l-series design charts
(reference 3) were entered with these design paramsters:

i/t = 0.45

V1/Vy = 0.55

and the ratlo of nacelle forebody length to maximm diemster was selected

as
X/t = 2.0

yielding a forebody length of 1k.h inches., With these values for the
deslgn parameters, the charts Indicated that velocity peaks would mot form
over the lips of the isolated nacelle cperating with the deslgn Inlet—
velocity ratio,

For the external forsbody shape, the NACA l-serles profile was closely
spproximated by a second—degree curve comnstructed by the method of conlc
lofting described in reference 4. The NACA l-seriles shape at the nose was
replaced by an arc with a radius of 0,1513 inches. The shape of the
nacelles afterbody was designed to avold severe pressure gradients and was
tapered and then cusped near the outlset,

_ A nacelle of this baslc design would not ordinarily be mownted
inboard on the swept wing with its nose at the leading edge of the wing
without modifications to the inlet, With the nacelle In the central
position on the wing at 31 percent of the semispan, the Inlet was swept
to coincide with the wing leading edge (figs. 3(a) and L), This sweeping
was accomplished by translating the lofting control lines of the basle
forebody shepe fore or aft so that the plane of the nacelle leading edges
corresponded to a plane at the wing leading edge perpendicular to the
wing—-chord plans,

Further modification of the inlet was mecessary for the nacelle in
the underslung position. In order to avold acute angles between the
nacelle and the wing near the wing leading edge, and, at the sams time
to keep the position of maximm thickness relative to the wing chord
the sames as for the nacelle in the central position on the wing, the
forebody length of the basic design was rednced. Thus, at 31 percent
of the semispan of the wing, the plane of the nacelle entrance was
located at the 1l0—percent—chord statlon. The nacelle entrance was normal
to the air stream (figs. 3(b) and 5). To avoid extensive filleting of
the lower surfasce of the wing-nacelle Junctures, the upper portion of
the basic nacelle was allowed to extend above the upper surface of the
wing (fig. 2(b)), and the cross section of the nacelle forebody between
the nacelle reference plame (fig. 5) and the lower surface of the wing
was altered slightly so the nacells surface would Intersect the lower

surface of the wing nmearly at right engles. With the nacelle in this
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position, the Jjet engine would extend through the wing but probably would
not Interfere with the front wing spar. o .

For a modification of the underslung design, the forebody elements
were translated fore or aft so that the plane of the air inlet of the
nacells was swept along a line at 10 percent of the wing chord measured
in the streamwise direction (figs. 3(c) and 6).

For the nacelle at the wing tip, the slze was reduced to cne—seventh
full scale while the design shape wes maintained. The inlet was placed
at the wing leading edge, (See figs. 3(d) and 7.)

No attempt was made to design proper intermal ducting downstream of
the Inlet rakes, (See figs, 4 through 7.) The basic design, exemplified
in the central Inboard and tip positiome, included a simulated Jet-engine
accessory housing, However, In the umnderslung positions, an asymmetric
duct was employed as shown In figures 5 and 6,

TESTS

Measurements of 1lift, drag, pitching moment, ram-pressure recovery,
and surface pressures at varilous angles of attack were made at a test .
Mach number of 0.16 and a Reynolds number of 1,880,000 based on the mean
asrodynamic chord of the wing. In addition, drag data for the model at
an angle of attack of zero and an iInlet—velocilty ratioc of zero were
obtained for varilous test Mach numbers up to 0.33, and a Reynolds number
of 3,700,000, Tumnel~wall corrections to the force measurements were
applied according to the methods discussed in reference 5, with modifica—
tions to account for the effects of sweepback:

(o4 Oy + 0.985 CLU.

Cp = Cp, + 0.020 cLuE

The effects of the boundary layer of the dummy floor and of air leakage
between the wing root and the floor plates on the characteristics of the .
model were not determined. These effects are believed to have been small,

Force measurementsg and pressure—distribution data were chtained
separately, During force measurements, the internal air flow was reg—
ulated by changlng screens iIn the nacells duct behind the entrance rake,
Figure 8 shows the variation of inlet—velocity ratio with angle of attack
with screens providing nominal Inlet-velocity ratios of 0.3 and 0.6 and
with the screens removed to permit maximm flow, Force and pressure
gtudles for an Inlet—velocity ratio of zero wers mads with a flush plug
and with a faired plug in the tall pipe as shown in figure 9,

During pressure-~distribution measurements, air flow through the
nacelle was maintained by a variable-—speed centrifugal campressor outside
the wind—tunnel test. chamber., A flexible rubber hose, fastemed to the
nacelle tall pipe, was used to cormect the nacelle to the suction system,
The quantity of intermal air flow was measured by a calibrated orifice
meter, ' ' '
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The duct-entrance losses were msasured by rakes of total— and static—
pressure tubes, The rake locations are shown in figures 4 to 7. The
pressure dlstribution over the uppsr— and lower—surface cenbter lines of
the nacelle and in the wing-macells Junctures was measured by flush
orifices connected to multiple—tube menocmeters. The manometer readlngs
were recorded photographically, Tuft studies of the flow over the upper
gurface of the model were made with the nacells In each position, In
conJunctlion with the force measurements, the total-pressure losses through
the nacelle duct were measured by means of a rake of pressure tubes moumted
Indspendently of the model at the tall—pipe exit as shown in figure 10,
The pressure~loss date were then utiiized to compute the Internal drag of
the nacelle for each poslition, The external drag due to the addition of
the nacelle to the wing was obtained by subtracting the drag of the plain
wing end the Intermal drag from the total model drag as measured by the
scals system. 8Since the extermal drag of the nacells was small compersd
to the total drag of the modsl, there was considerable scatter in the
external nacelle drag resultis.

RESULTS AND DISCUSSION
Force Characteristics

Plain wing.,— The 1ift and pitching-moment coefficients of the plain
wing are shown in figure 11 for the test Reynolds number of 1,880,000, Im
addltion, the force characteristics of the same wing for a test Reynolds
number of 2,700,000, obteined from reference 1, are presented. Inspection
of the figure Indicates that In comparison with the results of reference 1,
the data from the present test, at the lower Reynolds number, show soms
reduction in the lift—curve slope at the higher angles of attack and a
reduction of the 1ift coefflcient at which the piltching momsent becams
unstable,

Wing with nacells,— The 1ift and stabllity characteristics of the
wing with the nacelle in the varlous posltions are glven In figures 12
through 15, and some of the characteristics are summarized in table IIT,
4 study of these data reveals theat the nacelle In its varlous positlons
produced only smsll effects on the 1ift emd on the static longitudinal
stablllty of the wing. The slopes of the 1ift curve of the wing was only
slightly affected by the nacelle in the iInboard positions, but was
increased somewhat by the nacelle in the tip position. In all the posi-—
tions, the nacelle delayed the wnstable break in pitching moment to 1ift
coefficients slightly higher tham for the wing alone. At 1ift coeffi-—
cients beyond the beginning of the stall, all the con.figurations were
wnstable. Up to the highest test angle o:E’ ettack, 20° , maximum 1ift had
not been reached for the wing or for any of the wing—nacelle cambinations.
The 1ift and stabllity characteristice were found to be practically inde~

pendent of Inlst—veloclty ratio,
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The total—drag polars are presented In figure 16 for the wing and
for the wing with the nacelle in the various positions with a faired tail—
Pipe plug to provide an Iinlet—velocity ratio of zero. The variation of
the nacelle drag coeffilcient in the different positions, based on the
nacelle frontal area, 1s shown in figure 17 for inlet—velocity ratlos of
zero and 0.6, The data show that, for an Inlet—velocity ratio of 0,6,
nacelle posltion had but 1little effect on the variation of the external
drag coefficlent with 1ift coefficlent. Values of nacelle drag coeffi-—
clent are presented in table III.

For zero Inlet velocity, the effect of a flush tall-pipe plug was
Investigated., In comparison with the faired tall-pipe characteristics,
the only appreciable effect attributable to the flush plug was an Incre—
ment of drag coefficient, For the nacelle in the central inboard positiom,
a representative case, the following increments in drag coefficient (based
on wing area) were observed:

CL, Cp Increment
~0.1 0.0007
0 .0009
.15 .0009
.30 .0005

For 1ift coefficlents greater tham 0,35, the drag—coefficient Increment
was 0,0002 or less.

The varlatlion of drag cosfficient with Reynolds number for the wing
and for the wing with the nacelle In the various positione 1s presented
in figure 18 for an angle of attack of O° and an inlet velocity of zero.
Tt 1s shown that the addition of the nacelle to the wing in any one of the
positions caused & drag increment which was relatively comstant throughout
the range of Reynolds numbers investigated.

Internal Preasure Recovery

The variatlion of ram—pressure recovery inside the entrance of the
nacelle is showm In filgures 12 to 15. For inlet—velocity ratios greater
than zero and less than unity, at least 95 percent of the free—stream ram
pressure was recovered in the nacelle for posltive angles of attack up to
"( for the nacelle in sach position. The best recovery characteristica
wore obtailned with the nacelle in the underslung inboard position with the
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inlet normal to the air stream (fig. 13). The effect of Inlet—velocity
ratlo on the ram-pressure recovery was mmall, except with the nacelle in
the central inboard position (fig. 12), The increase in the entrance
losses at the higher angles of attack was found to result from stalled
flow on the inner surface of the inboard portiom of the duet lip.

External Pressure Distributlion

The pressure distribution over the center lines of the upper and
lower surfaces of the nacelle and in the wing-nacelle Junctures for the
nacells In each position is presented In the following figures for inlet—
velocity ratios of O and 0.6:

Inboard Outboard
Center lines Junctures gunctures

Nacelle position Upper Lower
Face | surface Upper | Lower |Upper | Lower

Contral inboard 19(a) | 19(0) }19(e) | 19(a) hi9(e) | 19(2)
Underslung Inboard with

normel inlet 20(=) 20(p) }20(c) {20(4) |20(e) | 20(r)
Underslung Iinboard with

swept inlet - 21(a) - 21(b)| - 21(e)
Tip 22(a) 22(b) |22(c) {22(a) 22(e)

The upper-surface pressure distribution for the nacelle in the underslung
Inboard position with the swept inlet is not presented since, for all .
practlcal purposes, it was the sams as that for the nacelle in the same
position with the normal inlet.

The pressure distribution over the nacelle in each position shows the
existence of localized regions near the duct entrance over which the veloc—
itleas were in excess of the maximm velocitles over the plain wing at 31—
percent semispan (fig, 11). However, behind approximately 5 percent of
the nacelle length, the velocities over the nacelle were less than those
over the plain wing at 31l-percent semispan. The saddle in the pressure
distribution on the upper surface between 5 and 10 percent of the nacelle
length for the nacelle in the wmderslung inboard position (fig. 20(a))
was dus to the nacelle extending above the wing as shown in figures 2(b)
and 5. An Increased velocity was noted over the aftsrbody of the nacelle
in the tip position as shown In figure 22(a).
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Studles of the pressure distribution over the nacelle in the various
pesitions on the wing were made with Inlet-velocity ratios of 0, 0.3, 0.6,
0.9, and 1.2, Only the results for inlet—velocity ratios of O smd 0.6 are
Presented. The major effect of increasing Inlet-velocity ratio was a
docrease 1n the velocitles over the leading 15 percent of the nacelle
length., Behind about 15 percent of the nacelle length, or 20 percent of
the wing chord in the Junctures, the pressure distribution was affected
only slightly by inlet—velocity changes.

Critical Mach Rumber

The varlations of the predicted minimum critical Mach number with
angle of attack for the upper surface of the nacelle and in the wing-
nacelle Junctures for all the test inlet—veloclty ratios are shown in
figure 23, The coritical Mach numbers for these curves were predicted
from the test values of the minimum Pressure coefficients for each test
condltlon by the application of the Karma.n—Tsien hodograph msthod as
discussed in reference 6; no correction was applied for the effects of
sweepback,

In table IV, values of critical Mach number are tabulated for the
range of low-gpeed pressure coefficients obtained in the present test.
The data of figure 23 and <wable IV can be used to determine the minimm
low—speed pressure coefficient for any angle of attack and inlet velocity
ratio, The minimum pressure coefficient can then be utilized in inter—
polating or extrapolating between or beyond the pressure-dilstribution
curves presented for Inlet veloclty ratios of O and 0.6 in figures 19
through 22,

From analyses of experimental high—espeed dsta, references 7 and 8
have shown that the Mach number for which sonic velocity occurs at the
orest of amn airfoll (the chordwise statiom at which the upper surface of
the airfoll is tangent to the free—stream directiomn) may be a better
estimation of the Mach number for which the abrupt superoritical drag
rise begins than 1s the Mach number assoclated with the initial occurrence
of sonic veloclty on the airfoil, A similar conclusion was reported in
reference 9 from high-speed tests of the wing of the present investigatiom.

In order to indicate an equitable evaluation of the effect of the
nacelle of the pressent test on the Mach number associated with the abrupt
supercritical drag rise of the wing at high speed, local (or sectional)
values of both the minimum critical Mach numbers and the critical Mach
numbers at the airfoil crest have been predicted. They have been pre—
dlcted by utilizing the Karman-~Tsien method (table IV) to extrapolate the
low-speed pressure coefficlents to values aasoclated with the occurrence
of local sonlc velocities., The effects of sweep on the critical pressurs
coefficlent, as discussed in refersnce 9, were not included in tle calcula—
tlons since imsufficient data were obtained to permit a dstermination of
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the isobars on the wing and nacelle combination. The variations of the
minimum critical Mach number a&nd of the critlcal Mach number at the crest
with angle of attack for the wing at 31 percent of the semispan are shown
in figure 11, Corresponding curves for the wing with the nacelle in the
varlous positlons are shown In figures 19 through 22, A compariscon of

the data indicates that the critical Mach numbers predicted from pressure
coefficients for the wingmacells combinations et statlons corresponding
to the crest of the airfoll are, in general, higher than those predicted
for the plain wing. Therefore, it appears that the addition of the nacelle
to the wing in the varlous positions would causs no dscrease In the free—
stream Mach number at which the abrupt drag rise would begin in high—speed
flight., In addition, a study of the critical Mach numbers at stations
corresponding to the airfoll crest indicates that the effect of varying
inlet—velocity ratioc should have 1little effect on the Mach number for drag
divergence.

Tuft Studies

Photographs made during tuft studies are included in figure 24 to
show the flow over the upper surface of the wing with and without the
nacelle, The results for only one of the umderslung Inboard nacellse
designe are presented since the flow over the upper surface of the model
was similer for the two designe, The tufts indicate that the addition of
the nacelle did not greatly affect the stall patbern or the progression
of the stall with increasing angls of attack.

CONCLUDING REMARKS

A nacelle with an Inlet In 1ts nose at or near the wing leading edge
had llttle effect on the 1lift characteristlce of a model wing with its
leading edge swept back 37.25°., The drag increment due to the nacells,
based on its frontal area, was of the order of 0.045 for the nacelle at
31 percent of the semispan and 0.035 for the nacelle at the wing tip.

The addition of the nacelle increased the static longitudinal stability
slightly over that for the plaln wing and generally Increased the 1lift
coefficient at which an unstable break In the pitching moment occurred.
Changing the Inlet—veloclty ratio had 1little effect on the 1ift and piltch-
Ing moment. Tuft studies Indicated that the addition of the nacelle to
the wing had little effect on the stall pattern. ’

Increasing the Inlet—velocity ratio reduced the local velocities
over the nacelle 1lips, thereby increaslng the predicted minimum critical
Mach numbers for the wing-nacelle comblinations. However, the critical
Mach numbers predlcted for the wing-nacelle combinations for stations
corresponding to the crest of the alrfoll were nearly independent of
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inlet—velocity ratio and they were gemsrally higher than those predicted
for the crest of ths plaln wing.

For positive angles of attack up to 7°, and for inlet-velocity ratios

less than wmity, the ram—pressure recovery inside the nacelle entrance was
at least 95 percent of the free—stream ram pressure for the nacelle in each

position.

Natiomal Advisory Committee for Aeronautlcs,

Ames Aesronsutlcal ILaboratory,
Moffett Fleld, Calif,

REFERENCES

Banson, Frederick H., Jr., and Dannenberg, Robert E,: Effect of a
Nacells on the Low-Speed Aerodynamlc Characterlistics of a Swept—
Back Wing. NACA RM A8E12, 1948,

Abbott, Ira H., von Doenhoff, Albert E., and Stivers, Louls S,, Jr,:
Summasry of Airfoil Data. NACA Rep. 824, 1945.

Baals, Donald D.,, Smith, Normsn F., and Wright, John B.: The Develop—
ment and Application of High—Critical-Speed Nose Inlets., NACA
ACR L5F30a, 1945.

Liming, Roy A.: Practical Analytic Geametry with Ap‘plications to
Aircraft, The Macmillan Company, N, Y., 194k,

Glauert, H,: The Elements of Asrofoll and Alrscrew Theory. The
Macmillan Company, N. Y., 1943,

Liepmann, H, W., and Puckett, A, E,: Introduction to Asrodynamics
of a Compressible Fluld, Jolm Wiley & Socms, Inc., N. Y., 1947,
pp. 184--186, 2hh-247,

Nitzberg, Gorald E., and Crandall, Stewart: A Study of Flow Changes
Aggoclated with Alrfoll Sectlion Drag Rise at Supercritical Speeds.
NACA TN 1813, 1949,

Nitzberg, Gerald E,, Crandall, Stewart M., and Polentz, Perry P,: A
Preliminary Investigation of the Ussfulness of Camber in Obtaining
Favorable Airfoil-Section Drag Characterlstics at Supercritlcal
Speeds. NACA RM A9G20, 19Lk9.

Fdwards, George G., and Boltz, Fredsrick W.: An Aralysis of the
Forces and Pressure Distribution on a Wing wlth the Ieadlng Fdge
Swept Back 37.25° NACA RM A9KOl, 1949,



NACA RM A50A13

TABIE T

COORDINATES FOR AIRFOIL
SECTIONS PARAIIEL TO FREE ATR STREAM
[Stations and ordinates given in

percent of ailrfoil chord]

Upper Surface Lower Surface
Station Ordinate Station Ordinate

o] o] o 0
165 .908 64T - .820
.733 1.103 .935 - .979
1.275 1.h11 1.504 -1,22%1
2,64L 1.961 2,905 -1.632
5.388 2.754 5.679 2,196
8.129 3.355 8.k26 —2.608
10.859 3.846 11.153 —2.939
16.279 4,614 16.555 —3.439
21,647 5.175 21.890 —3.79%
26.959 5.580 27.163 —4.,035
32,213 5.845 32.378 =4, 177
37.413 5.978 37.534 4,220
k2,555 5.983 k2,635 . =4,165
7,640 5.816 7,680 -3,968
52,674 5.525 52,674 -3.673
57.649 5.135 57.618 —3.307
62,569 L 666 62.512 -2.887
67.433 4,133 67.358 —2.432
72.242 3.551 T2.156 -1,954
76.998 2,934 76.909 —1.471
81.701 2,297 81.616 -1,003
86.350 1,662 86.279 - 573
90,948 1.049 90.899 - 216
95.497 L8l 95.473 .022
100,000 .048 100,000 .olt8
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NACELLE DETATLS

NACA RM A50A13

Inlet

Exit

Frontal

Nacelle position | area area area |Iengthfdiamster 1:::61:
(sq in.) {(sq in,) |(sq in.){ (in.)| (in.)

Central inboard 8.12 9.08 k0.715 | 36.00] T7.20 1/6
Underslung inboard | 8.12 9.08 40.715 | 36.00 T.20 1/6
with normal inlet

Underslung inboard | 8.12 9.08 40,715 | 36.00 7.20 1/6
with swept inlet

Tip 5,81 6.70 29.913 | 30.85) 6.17 | 1/7




TABLE IIT

SUMMARY OF FORCE AND RAM-RECOVERY CHARACTERTBTICS

roximate Ram—recovery
Modal Vi d-oL App ucL.o ﬂ GL at cDF ratio

daplgnation ‘ﬁ; _a-;' Cp, for unstable acy, o o 5

‘ | break In gy | (028 w20’ | o0 | 0pm0.5 | =0’ | asb

Plain wing -~ | 0,067 0.78 -1,2 002011 1L0L | =—r | ==~ - -
Wing with 0 069 .85 -9 -, 022 -— | 0,075 | 0.072 | 0.8 0.71
11e in 3 .069 - -1.0 e T N B o .99 .96
nace 6 | === - - | == | o6 | .ou9 | .99 .98
centml jnbﬂa!ﬂ‘ .6]|' .(ﬁ9 .% —1.1 —'022 1.11 — e — e --9—- _9):

'9 ———— - -_——— —— ——— - - .5 L]

P.°°iti°n 1.2 - - - - _—— -] -—-- B85 .85
Wing with 0 067 .70 .1 —021 | 1,03 0T 069 .91 97
nacells in .3 066 - -1,0 —_———] 1,02 | ——— | ——— .99 .99
underslung b |- —— - —_— - 032 .031 .99 .99
inboard posi-— 3| 08T 91 -1.1 ~02L | 10k | ~—= | ~—— o -
tlon with 9 | === - _—— | m—-— === % .99
normal inlet 12 | =~~~ - - - ——] ——— - .99 .99
Wing with 0 067 .90 -1.0 —032 | 1.0 100 105 .92 .88
nacella in 3 | 087 - -9 m—=1 103 ==~ | ~-== | .98 .98
mdersling b |- - - -~ —_——— —-— .036 .036 .98 .98
inhoard posi— .73 067 90 -9 -032 ] 102 | === | ==~ —— -
tion with %3 Btk -- - =] === === % .96
swept inlet 1.2 | ——-- - - -— =~ = .93 .92
0 LOTL 80 ~L.L -,068 | 1.03 Oh7 N7 .99 99

Wing 'ith 03 -071 - ""l.l —— 10% _———— ——— -99 099
nacelle In tipf 6 |~ =~ - - il Bt 031 | .28 | .98 .98
L83 1 .072 82 -1.0 - 105 |wm— | m== | =~ -
poeltion 3 o _ e B RNERNE R 96 .96
1,2 | == - - -—— T i 95 95

4
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TABIE IV

VALUES OF CRITICAL MACH NUMBER AS DETERMIRED
BY THE KARMAN-TSTEN HODOGRAPH METHOD
OF REFERENCE 6

Pressure coef~
Critical filcient for
Mach Mach number
number approaching
Zero
1.000 0
.932 - 05
.88“{' —.l
545 -.15
.816 -2
. 769 —.3
.T30 -k
698 -5
.670 -6
-622 : "‘.8
583 -1.0
<511 ~1l.5
L61 —2.0
394 -3.0
349 ~h.0
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Wing area=8.283 sguare feel! (semispan)
Aspect ratio=6.04 (based on full span)
c=20.736 inches (parallel to root chord)

Toper ratio=0.5

Tip-nacelle cenfer line

NACA 64-2/2
airfoll section

25-percent chord
of airfoll section /

/

27,06 percent chord

3l-percent wing semispan

/3333 —

(spanwise locafion of / 8
nacelle center line) / 8
! o
N
f 22,534 ——
/ |
/ ]
(-) 3
372 35‘/ £6.29 9
/ { / - /
26667 All dimensions In inches

Figure [.-Plan form of model wing.
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Eg®. ok riomedmcd ko, oeathelio

(a) Front view of wing with nacelle in underslung inboard
position.

A-12087

[
]

(b) Upper surface of wing with nacelle in underslung inboard
positlion.

Figure 2.— Installation of wing with nacelle in inboard position in one
of the Ames 7- by 10-foot wind tunnels.
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(a) Central inboard
poslition.

(b) Underslung inboard
position with
normal inlet.

(o) Underslung inboard
position with
swept inlet.

(d) Tip position.

A-13440

Figure 3.— Nscelle in various positlions on the wing.
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Inboard half-breaath Iin&

Inboard shoutder line

Upper-surfaca center lins

TR

us I g
nacelle refarence pblg }

o @ &-tibe rate

Lower-surface centfer line

Figure 4.— Conirol line drawing for nacelle lestad In cenfraf inboard posiiion.

Node:

L Forebody identical upper and
fower

2 Afterbody (station /6 1o36)
& circutor

3 Control lines siraight batween
langent poinls

4 All dimensions given in Inches
mods| scofe

3 Jel-unlt endry, approximolely
station 75

6 Nacelle fromfol arsa, 4075
squars mches

A Tangem poimt

o inferseciion of fangent lines

o Shoulder point
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€ nasile

b

Inboard half-
breadth line

inper-surface cemer line

13-fude roke

=@ [

-7 i _wing. G

Nota:
Outhoord half-breadth kne  { Ugper forward

body above wing s formed
rodlf with centers al nacelle centar
line on nacelfe reference plane

2 Inboard external lines farward of

statfon 6.5 which lie betwean nocelle
refarence plone and wing /ower surfoce
are formad of linas nermal to nacells
refsrence plona ond fangent fo fhe
half-bread?h

3 Outboord axternal lines forwerd of
stotion 10.5 which lie betwean
nacelle reference plone and wing
lowar surfoce ore formed of lines
norme! fo nacelle raference plane
and fangen? to the half-breadlh

4. Afferbody (station /6 to 36) Is
circular

:
i

Figure 5 = Gonirol lina drawing for nacelle fasfed in underslung inboard position with normel

infal.

72

5. Lower forebody (station £.25 fo I6) is
1numfnbm’ about verfical cenfer plone
6 % ;—umr aniry approximarely sfafian

7 Cantrol lines siraight between fangent
polnts g "

&8 All ;ﬁmnslans given In inches mode/
scale

9 Nacelle fronial orec, 40.715 squars
inchas

Legend:

A Tangen! point

¢ Intersection of foangen! /ines

o Shouvlder point
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Outboard lewer shoulder line

o Ry

A
*

Inboard axternal lines forward of station 6.5

which e beiween nacaile reference plans

ond wing fower surface are formed of

lines normal to nacele raference plane

ond tangent fo the halfbreadlh

ommard external lines forward of stalion
which 1) berueen n?colle refaram

lane and wing lower surfoce ore for
aflmos normal 10 nocelle reference plana '
ond fengent 1o tha haill breadii

. Confrof fines siraight baiween

All dimensions given in inches m
Nacelle frontal area, 40.715 squore im:hm
Jer-uW¥ enfry approximately sialion 7.5

Legend:

Tongen! point
lnfersach%f tangent lines

= Sh

: \Lmr surface contar line

Figure 6.—Conlrol line drawing for nacelle lested In undarsivng inboord position with swepl infel,

yi 1
T oo 118 1 Y | Y
. sta 16.0
45 9.0
70
§ 50
~ Shoulder line Leoding

of ljps
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he-J 0857 —»1

Lip radivs §
3

~a L -

=.I£.97\
LE arfngy
25-percant 4
chord ’ \-ls-fubo roke

4 Jel=unit enfry, approximolely siation

&0
Nots: & Nocelle frontol area, 29.9/3
1 Nacelle Is o body of revolution square inches
2 Control lines stralgh! balwesn
tongent points : Legend :
3. Alt dimensions given in inches A Tangent point
modes/ scale © /nfarsaction of tangent lines
a Shoulder point

Figure 7 — Gonlfrol lina drawing for nacells tested at wing t1ip.
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(v) Flush plug.

Figure 9.— Detail of tail—pipe outlet.

Figure 10.— Deteil of tail-—plpe pressure rake. A-12081






12 2 . I |
A a 2 i 'g o T At oxot
Lo A 10 ~ E = <
: Q‘ S \.,\,‘
% 1.‘"12 ! R[E 7 x ™
S .8 / 8 A S T Va S S
. o ' S0k 8 ¢ Awinem | ™,
' s g7 ¥~2 0 2 4 6
s 6 “f “1i § Angle of atilack, a, deg
8 ~ -8
o ) a -
S I Fiyrokds romber f’ PN
~ .2 e 1880 2 % g o
8 s £768000 (et y S 4# [ -+
~ 1 : ] w 7. < v &5
0 ( 0 § L
b: é -2 A\
-4 0 4 8 [2 6 20 24 0 -08 Co~20 20 e0 80 o
Angle of altack, a, deg Cm Percent wing chord

Figure Il.—-LIff and pitching-momen! characlsristics of the ploin wing and the upper-surface
pressure distribution and crifical Mach number at fhe 0.3/~percent semispan sialtion.

ETVOSY WY VOVH

Tt



L2 I I.E'r
10 o 1o
y V-a0:ald
S g Vv 8
..E- ._/Fj)!/‘
2 5 A 6 b
S Ve %_
X Xty
S 4 4
S 4{_
% 2 2
S %_
0
iy ~2lt
-4 0O 4 8 2 16 20 24 -
0—3 . Cm

Angle of attack, a, deg

=P

He~Pp

Ram-recovery rafio,

N N N

~
QQ

B \,
N \
AYHEN
- AN
. 5 Q]
r o %
[ 11 2

4 0 4 & 2 |6 20
Angle of attack, a, deg

S HACE

Figure [2-Lift, pitching-moment, and ram-recovery characteristics of the wing and nacelle

with the nacelle in the cenfral inboard position.
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Figure 13— Lift, pifching-moment, and ram-recovery characieristics of the wing and nacelle
with the nacelle in the undersiung inboard position with normal inlel.
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Figure 14—Lift, pilching-moment, and ram-recovery characteristics of the wing and nacelis
with the nacelle in the underslung position with swepl inlet.
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Figure [5~Lift, pitching-moment, and ram-recovery characleristics of the wing and nacelle with

the nacelle in the tp position.
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N M&p in
F [~
Y %P %
_s 4 /O' . ~g 7
:: * T ° thw_alon:_m nacelle
(/
g 2 }/ D 9/ /‘ }/ o] Canfra;,g inboard position
Q fS / # i & Underslung inboard position with normal infet
A Underslung inboard position with swept infet
- i > i v Tip position
b 0 o 4
~ 3 R
_ i LN ﬁ A
o Of .02 a o004 05 .06 o0or .08 09 ./lo
Zero O O O O ©O
for o B8 ¢ 4 v

Drag coefficient, GCp

Figure [6.— Total drag characteristics of the w/ng and
wing-nacelle combinations. V,/V,, O.

Nacelle position

a Central inboard
b Underslung inboard with normal infet
¢ Understung inboard with swept infet
d Tip
2 ] 42
SO -
o a v/W,, 06
S 08 = 08 .2
(N
o
g zq:, ) VI/VOI o ’ B
<3
o )
=2 o 2 4 6 =2 o 2 4

Lift coefficient, C,

Figure [7.— Drag characteristics of the nacelle.




© Wing alone
Wing with nacelle

B Ceniral inboard position
& Underslung inboard position with normol inlet
A Underslung inboard posifion with- swepl inlet
v 7Tip position
012
Q El%é FAY A — . /N — .
LG . - - —L Lo\
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$ o™ v
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Reynolds number, R x 1075

Figure [8.— Variation of drag coefficient with Reynolds number for the wing
and wing-nacelle combinations. V,/V,, O and a, O°.
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Flgure 22~ Pressure disiribution and crifical Mach number for the nacelle in the lp position.
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Figure 22.-Concluded.
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Figure 23.-Voclalion of the minimum criffcal Mach number for the nocelle i 1he various

positions on the wing.
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ay, 6° ay, 10° ay, 12° ay, 14° g, 16°

(v) Wing with nacelle in the tip position.

Figure 24.~ Tuft studles over the upper surface of the wing and of the wing wlth nacelle. W
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ay, 10° g, 12° ay, 14°

(¢) Wing with nacelle in the central inboard position.

ay, 10° oy, 12° ay, LHO ay, 16°
(d) Wing with nacelle in the underslung inboard position ~Jaca
with normel inlet. A~-12760

Figure 24.—~ Concluded.
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